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Role of authors and contributors
All authors made substantial contributions to the concept and design or analysis and interpretation of the data. All authors participated in drafting and reviewing the manuscript. Objective: Laparoscopy allows hysterectomies after chemoradiation to be performed without opening the abdominal wall. We measured the costs and quality of life for locally advanced cervical cancer patients operated on via laparoscopy compared to laparotomy.
Study design:
We conducted an observational prospective multicenter study on locally advanced cervical cancer patients undergoing an extrafascial hysterectomy after concurrent chemoradiotherapy (CRT). We assessed the costs from the medical visit before surgery up to the first month after surgery from the providers' perspective and measured the quality of life using the EORTC QLQ-C30 and QLQ-CX24 up to six months. 
Results
M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT
Introduction
Cervical cancer is the second most frequent cancer in women, with approximately 500,000 new cases diagnosed, and 270,000 deaths annually worldwide [1] [2] . Although the incidence of cervical cancer has decreased in industrialized countries because of screening programs and progress in management of intraepithelial lesions, 60% of cases are at advanced stages at diagnosis. In France, the estimation of new cases in 2015 is 3,060, with the highest incidence among women in their 40s, leading to nearly 1,070 deaths and a 5-year survival rate of 17.2% in advanced stages [3] [4] .
The gold standard for treating patients with locally advanced cervical cancer (LACC) is concurrent chemoradiotherapy with or without brachytherapy (CRT) [5] [6] . Significant survival advantages of chemoradiation in cases of LACC, have been demonstrated in a meta-analysis 7 .
The value of completion surgery after CRT in LACC however, still remains debatable [8] [9] [10] [11] , and few studies are available 12-13 . Furthermore, hysterectomy after CRT remains a questionable treatment option, in particular in cases of partial response. Results from multicenter studies have demonstrated that residual disease after concurrent chemoradiation therapy and brachytherapy impact on disease free survival [14] [15] [16] . Because the accuracy of imaging techniques are not sufficient to measure residual disease 17-18 , surgery remains the current practice in many countries. Furthermore, completion surgery reduces residual pathological disease, which represents an important prognostic factor 19-23 .
We previously assessed the consequences of hysterectomy by laparotomy after CRT and brachytherapy, and showed a high rate of grade 2/3 morbidity (26%), particularly due to Our study was aimed at assessing the benefit of laparoscopy, in terms of cost, surgical outcome and quality of life. Post-operative follow-up occurred from surgery to one month later, and included the hospital stay, and a first post-operative visit.
Materials and methods

Study design and patient details
Studied parameters
Studied parameters were baseline demographic information (age, Performance Status Score, This study contained no modifications of standard practice in each institution, and informed consent was not required. It was approved by the regional ethical committee (Authorization n° 908075).
Economic assessment
We conducted our analysis from the hospital provider's perspective. The direct costs associated with surgical strategies (laparoscopy or laparotomy) were taken into account in a prospective manner, from the medical visit prior to surgery up to the first month after surgery using unit costs. Costs of complications during hospitalization, costs of re-intervention for complications, and costs associated with longer hospitalization were also considered. The 
Statistical analysis
Cost comparisons were measured using a student's t-test, a Mann-Whitney test or an analysis of variance (ANOVA), and are reported as the mean -/+ standard deviation. Tests for normality were carried out using a Kolmogorov-Smirnov test. Socio-demographic characteristics, clinical information and all categorical variables were compared using a Chisquare test or a Fisher's exact test. All tests were two-sided with a significant level of 5%.
Data was analyzed using the SAS system software (version 9.2, SAS Institute Inc.).
Results
A flow chart of the study population is shown in Figure 1 . Patient characteristics are presented in Table 1 . The two groups were not statistically different except for cancer staging (FIGO)
and previous surgical histories. Patients in the laparotomy group had a more locally advanced disease and more previous abdominal surgery. Pathological results are presented in Table 2 .
Preoperative treatment
Twenty-two patients in the laparotomy group (95.6%) and 38 patients in the laparoscopy group (95%) underwent brachytherapy. Completion radiotherapy after surgery was carried out for only one patient in each group and was related to residual lymph node disease.
Complications related to pretreatment were the same in the two groups (7/23 (30.4%) in laparatomy vs 12/39 (30.7%) in laparoscopy, p=1.00).
Surgery
Surgical characteristics are summarized in Urinary catheterization did not differ between the two groups (23/23 vs 38/39, p=1.00) like duration of urinary catheterization (4.5 ± 1.4 d vs 3.9 ± 1.9 d, p=0.07). The time between the end of prior therapy and the surgery is on average within 6 to 8 weeks.
Although the length of induction of anesthesia as well as the length of incision was significantly higher in the laparoscopy group (respectively, 37.6 min vs 29.4 min, p= 0.03 and 168 min vs 210 min, p=0.04), the overall mean operative time did not differ significantly between the two groups (258 min vs. 294 min, p=0.06) ( Table 3 ). In the laparoscopy group, three patients (3/39, 7.5%) had to be switched to the laparotomy group due to technical requirements, and all three had a previous history of abdominal surgery and brachytherapy before hysterectomy.
Intraoperative and postoperative complications are detailed in Table 4 . Complications leading to re-hospitalization and/or re-intervention are presented in Table 5 . Two patients in the 
Cost at one-month
Resources used for each phase of the procedures are presented in Table 5 , and detailed costs in Table 6 . The direct cost of each procedure was not statistically different at one month:
€10,991 ( =3616) for laparotomy versus €11,267 ( =4237) for laparoscopy, p=0.76.
Hospital stays for patients were significantly lower in the laparoscopy group ( The extra costs of three conversions reached €18,157 ( =€11,944) per converted patient (min=11,131, max=31,949). The difference in cost between the two procedures was not significant, even if the 3 cases of conversion were not included in the analysis (p=0.96). benefits remained for patients who underwent laparoscopy, in particular they experienced less fatigue than patients who underwent laparotomy (p=0.04). Using the specific cervical cancer questionnaire, CX24, only sexual activity was significantly better at six months for the laparoscopy group (p=0.01).
Quality of life up to 6 months
Discussion
Our prospective multicenter study compared the feasibility of laparoscopic versus laparotomic hysterectomy after CRT in LACC. Whilst these procedures had equal hospital costs at one month, the quality of life was considerably better for the laparoscopy patients. Existing publications report heterogeneous data for the type of surgery, types of cost components and inclusion criteria. No costs studies using the microcosting method with a one month follow up after surgery have been previously reported. Dennis et al. 34 found that the cost for radical hysterectomy was highest for robotic, followed by standard laparoscopy, and lowest for laparotomy. In our study, only surgical and anesthetic instrumentations have been included in the cost calculation; the cost calculation did not include staff costs, hospital stay, follow-up, or resources pertaining to medical data aquisition.
Medical outcome and quality of life
Wright et al. 35 found that both laparoscopic and robotic radical hysterectomies were associated with lower transfusion requirements and shorter hospital stays than abdominal hysterectomy (p<0.05). However, they did not use a prospective and observational design, and did not report direct per-patient costs. In their study, costs were estimated using a national database, which is less powerful for comparing population sub-groups or for matching 
